Volcanic Arc region. These sites are generally characterized as being low in organic carbon 48 content and rich in calcium carbonate and volcanogenic material. In addition to the typical 49 reactions related to organic matter diagenesis, pore fluid chemistry indicates that the diagenetic 50 reactions fall within two broad categories; (1) reactions related to chemical exchange with 51 volcanogenic material and (2) reactions related to carbonate dissolution, precipitation, or 52 recrystallization. For locations dominated by reaction with volcanogenic material, these sites 53 exhibit increases in dissolved Ca with coeval decreases in Mg. We interpret this behavior as 54 being driven by sediment-water exchange reactions from the alteration of volcanic material that 55 is dispersed throughout the sediment package, which likely result in formation of Mg-rich 56 secondary authigenic clays. In contrast to this behavior, sediment sequences that exhibit 57 decreases in Ca, Mg, Mn, and Sr with depth suggest that carbonate precipitation is an active 58 diagenetic process affecting solute distributions. The distributions of pore fluid employed to retrieve cores during the cruise. The APC and XCB characteristics and system 161 functions can be found in Graber et al. (2002) . Briefly, the APC method is used to cut through 162 softer deep-sea sediments and is thought to create minimal sedimentary disturbance relative to 163 other IODP coring systems (Expedition 340 Scientists, 2013). The XCB is necessary for more 164 firm or lithified substrate (Expedition 340 Scientists, 2013). Given the nature of some of the 165 material, including coarse-grained volcanic sands and other debris, there are notable gaps in 166 some of the records presented here. Recovery was typically poorer through course-grained 167 material, or in instances where recovery was successful the material was often not suitable for 168 pore fluid extraction (Expedition 340 Scientists, 2013). 169
Sampling occurred approximately every 10 meters unless the sediment was unsuitable for 170 pore fluid extraction. A 10 -15 cm section of whole-round core was removed to begin the 171 squeezing process in the laboratory. Whole-round sections were then processed within a 172 nitrogen-filled bag and then transferred to a hydraulic press for pore fluid extraction (Manheim, 173 1966) . Following the hydraulic press, pore fluids were filtered through 0.45 μm filters and 174 subsampled for various dissolved constituents (Expedition 340 Scientists, 2013). 175
Pore Fluid ICP-OES and ICP-MS analysis 176
All pore fluid data for this manuscript were presented within data reports associated with 177 the expedition with the exception and analytical details; however, Sr and Sr isotope data for the pore fluids are present in 180
Supplemental Table 1 and for the sediment solid phases in Supplemental Tables 2 and 3 . Briefly, 181 pore fluid samples were diluted with 1% quartz-distilled nitric acid and analyzed by either ICP-182 MS or ICP-OES. The minor elements were spiked with an artificial seawater mixture to matrix-183 match samples to approximate seawater concentrations of Na, Cl, and Mg from ultrapure salts 184 (Sigma Aldrich). The reported uncertainties (1σ) are a combination of the square root of the sum 185 of the squares of the regression uncertainty of the standard curve, calculated from the standard 186 error of regression and the internal uncertainty calculated from the standard deviation of three 187 sample replicates. The analytical detection limit is the point where the measured concentration is 188 > 3 σ above the analytical zero. Table 3 ) following the general approach 207 outlined above for the pore fluids. These samples were digested as described in Muratli et al. 208 (2010 and and the ancillary data for these digests are available in Murray et al. (2016) . 209 210
RESULTS 211

Pore fluids 212
Generally, Site U1394 exhibits larger pore fluid chemical gradients as compared to U1395 213 (Figures 3 and 4) . NH4 concentrations reach values as high as 2 mM, alkalinity in excess of 5 214 mM, and sulfate concentrations that decline to as low as ~ 10 mM at site U1394 whereas U1395 215 is similar but with higher sulfate concentrations ( Figures 3A,B and 4A (Figures 3 and 4C) . At depth, pore fluid Ca concentrations increase whereas 219
Mg concentrations are depleted at depth at both sites. Pore fluids are generally enriched in Si, Li, 220
and Sr relative to their seawater values and depleted in K (Figures 3 and 4D, E) . 87 Pore water data for site U1396 are distinct from the other pore fluid profiles from this study 227 (Figure 5A-E The southern sites exhibit similarities to the sites from the north, with the more offshore Sites 236 U1398 and U1399 having larger enrichments in NH4 and alkalinity and larger depletions in 237 sulfate as compared to U1397 and U1400 (Figures 6 -9) . At U1398 and 1399 Ca, Mg, Sr, and 238 
Diagenetic processes involving volcanic material 265
Pore fluid chemistry indicates that the diagenetic reactions fall into two broad categories; 266
(1) reactions related to exchange with volcanogenic matter, and (2) reactions related to carbonate 267 dissolution, precipitation, and/or recrystallization. Reactions within these categories are to be 268 expected because regional sedimentation is dominated by these combined inputs (e.g., Gieskes 269 other sedimentary reactions that likely mask specific processes related to tephra diagenesis. For 323 example, Si is also produced in the pore fluids during biogenic silica dissolution and Si and Li 324 are both taken up during authigenic clay formation independent of volcanic material diagenesis 325 (e.g., Aller, 2014). Furthermore, the slightly elevated Li concentration, which is pervasive 326 throughout the sediment column of some of the sites, particularly those rich in NH4 + , could be 327 driven by NH4 + substitution for Li in clay mineral inter-layer exchange sites (e.g., Gieskes, 328 1983). The decrease in K in nearly all cores is a commonly observed characteristic of that 329 dissolved constituent and is likely driven by authigenic clay formation although alteration of 330 basalt is certainly a possible mechanism for its depletion as well (e.g., Sun et al., 2016). The 331 notable differences between the vertical distributions of Si, Li, and K as compared to Ca, Mg, 332
and Sr suggest that these former constituents are likely to be influenced by other, perhaps more 333 gradual, authigenic chemical changes within the sedimentary package, e.g., biogenic opal 334 dissolution and authigenic precipitation reactions, as compared to Ca, Mg, and Sr, which exhibit 335 more abrupt distribution changes, and which we interpret as being related to direct interactions 336 with fresh volcanic material (e.g., U1396). 337
The 87 Sr / 86 Sr pore fluid data likely reflect a confluence of processes including carbonate 338 precipitation and dissolution as well as reactions with tephra (Figure 12) Sr data from both the carbonate and non-carbonate fraction of the sediments (Figure 10) . 357 
2006). 385
For the southern sites, pore water Sr concentrations at Site U1400 are nearly constant 386 throughout the sediment package at a concentration closer to its seawater value as compared to 387 Site U1396 (Figure 9) (Figure 12) . We suggest that this pattern implies that carbonate precipitation or perhaps other 396 authigenic mineral formation is removing some of the Sr, but that reactions with volcanic 397 material that add Sr (as well as Ca) to the pore fluid can overcome this process deeper in the 398 sediment column. This point is discussed further below in the context of carbonate diagenesis. 399
Precipitation and Recrystallization of Carbonate Phases 400
As mentioned above, carbonate precipitation likely occurs throughout the sedimentary 401 package within the Grenada Basin, but the evidence for this process is particularly strong at Sites 402 U1394 (upper 100 meters) and U1399. Calculations of calcite saturation state in these types of 403 sediments are equivocal as accurate estimates for pH and even for the concentration of alkalinity 404 are difficult to obtain. This difficulty is partly caused by depressurization and degassing artifacts 405 during core and sample recovery. Nevertheless here we utilize saturation state calculations from 406 CO2calc (version 1.2.1, M. Hansen, L. Robbins, J. Kleypas, S. Meylan) for estimating aragonite 407 and calcite saturation in the fluids from sites U1394, U1398, and U1399. These calculations 408 suggest that for these sites, the pore fluids are generally supersaturated with respect to calcite 409 ( Figure 13) ; however, as noted the uncertainties in the carbonate parameters are potentially large 410 and an offset of + 0.2 pH units could lead to an overestimate of Ω on the order of 1 unit, which, 411
given the limited range in Ω, is significant. In the case of site U1394 (upper 100 meters) the 412 three carbonate-forming cations (Ca, Mg, Mn) also decrease with depth, whereas for Site U1399, 413 four of the divalent cations decrease with depth (Ca, Mg, Mn, Sr). The weaker correlation 414 between Ca and Mg at U1394 (r 2 = 0.38) as compared to U1399 (r 2 = 0.75) stems from the fact 415 that in the lower 100 meters of U1394, Ca and Mg concentrations suggest that there is a switch 416 in the primary diagenetic mechanism from carbonate precipitation to alteration of volcanic 417 matter and/or dissolution of carbonate phases (Figures 11A, B) . The cation results from site 418 U1398 are somewhat different from the other sites and we relate this to the competition between 419 carbonate precipitation reactions and reactions that involve tephra diagenesis (Figure 11A, B) . 420
The competing impact from tephra diagenesis, which will enrich the fluids in Ca and (perhaps) 421 to sites U1395, U1396, and U1400 (Figures 11A, B) . . At sites U1394, U1398, and U1399, sulfate reduction is occurring (Figures 3, 7, 8 bacteria, which provides a mechanism for raising alkalinity and pH for formation of these 439 carbonate phases. However, dolomite was not found in any of the samples examined during this 440 study and it is indeed unlikely that this phase would be precipitating in these sediments ( 
451
2 y -1 . We assume a typical carbonate concentration of 20%, a sediment density of 2 g cm -3 , and a 452 sedimentation rate of 0.05 cm y -1 , which is based on the sedimentation rate at site U1395. These 453 assumptions yield a Ca accumulation rate of 0.2 mmol cm -2 y -1 . These calculations are crude at 454 best, but it is difficult to envision a three to four order of magnitude change in these assumptions 455 that would bring the rates of carbonate accumulation and authigenic precipitation values closer. 456
Even though both the accumulation of Ca and Mg are driven by delivery rather than authigenic 457 processes, the ∆Ca:∆Mg ratio, particularly in U1398 and U1399 does point to uptake by a Mg-458 rich authigenic carbonate phase, i.e., the net ∆Ca:∆Mg ratio is ~ 1, particularly in U1398 and 459 U1399 (Figure 11) . In summary, and as can be seen in the data shown in Figures 11A & B,  460 there are effectively two sinks for Mg within these sediments, volcanic material alteration, which 461 leads to a ~1:1 exchange in Ca, and Mg-rich carbonate precipitation, which leads to uptake of 462 both constituents. 463
In environments rich in mud and tephra/pumice, other elements are known to compete for 464 sites within the authigenic carbonate structure as well (Hein et al., 1979; Mucci, 1987) . At Site 465 U1394 decreases in Ca and Mg also coincide with decreases in dissolved Mn above 100 meters 466 (Figures 3, 14A) a sample with a pH of 7.4 and an alkalinity of 5.9 mM, Ωarag = 0.8, whereas for a pH of 7.6 and 480 an alkalinity of 10.6 mM, Ωarag = 1.3. Although these values are representative of those seen at 481 site U1399 and could imply marginally favorable conditions for aragonite precipitation, we view 482
these saturation values to be overestimates given the uncertainty of the pH values as discussed 483 above (i.e., the pH values are likely to be artificially high). We thus consider the authigenic 484 precipitation of aragonite to be unlikely and suggest that the depletions in Sr are most likely 485 caused by the incorporation into calcite or some other Sr-rich phase rather than aragonite 486 (Murray, 2016) . The notion that Sr is associated with reprecipitation of a carbonate phase should 487 be taken with caution as recrystallization of calcium carbonate typically results in partitioning of 488 Sr into pore fluid rather than precipitation into the carbonate phase (Baker et al., 1982) . This 489 point may imply that the coincidence between the Sr and Ca at U1399 is simply fortuitous and 490 that Sr uptake is being driven by other non-carbonate diagenetic phases or minerals (Elderfield et 491 al., 1982; Gieskes et al., 1986) . 492
Conclusions 493
The sediments from the Grenada Basin indicate that sediment diagenesis is governed by 494 solute release and precipitation reactions that are driven by the presence of tephra as well as by 495 reactions involving carbonate. At sites U1395, U1396, and U1400, increases in Ca mirror 496 decreases in Mg, likely reflecting alteration of volcanic matter dispersed within the sediment 497 column to form authigenic smectite. In contrast, Sites U1394 and U1399 show coincident 498 decreases in dissolved Ca, Mg, Mn, and in the case of U1399 Sr as well, likely reflecting a 499 dominance of carbonate precipitation, specifically a Mg-rich calcite, which is occurring under 500 the sulfate reducing conditions prevalent throughout much of the region. The 87 Sr / 86 Sr data 501 presented here support the conclusions based on the major cation data. In particular, site U1396 502 has the most diagnostic data reflecting pore fluid tephra diagenesis in the upper meters of the 503 sediment column (high Ca, low Mg, low 87 Sr / 86 Sr). 
